Summary. The ultrastructures of the pituitary pars intermedia of 11 male sheep about 1-13 months of age were observed. The following cells were distinguished in the sheep pars intermedia: pars intermedia glandular cells, marginal cells, interstitial cells, follicular cells, pars distalis-like granular cells, degenerating cells and mast cells.
The pars intermedia glandular cells contain a welldeveloped Golgi apparatus and many mitochondria. The secretory granules had various densities and sizes (100-425 nm in diameter). No image of exocytosis was found. The pars intermedia glandular cells were classified into the following three subtypes: "PI-I, PI-II and PI-III type cells." PI-I type cells contain rather few secretory granules, but their rough endoplasmic reticulum is well developed in parallel arrays. PI-II type cells contain a few secretory granules, and the rough endoplasmic reticulum consists of scattered short strands. PI-III type cells contain abundant secretory granules of high density mixed with a few granules with low density. The rough endoplasmic reticulum is scattered strands. This type of cell was distinguished from granular cells like those of the pars distalis, although the granular cells also contained many dense granules. The marginal cells contacted the glandular cells directly, not being separated by a basal lamina. The degenerating cells were filled with myelinated lysosomes. Mast cells were often found in the interlobular connective tissue.
In mammals the physiological role of the pars intermedia still remains obscure. Although the pars intermedia secretes a melanocyte stimulating hormone (MSH) which controls the dispersal of pigments in melanophores, such melanophores are lacking in the skin of mammals. At present, it is known that the pars intermedia secretes a hormone, endorphin, in addition to the MSH (SEIZINGER et al., 1984; SATO and MAINS, 1985) , and that these hormones have a common precursor. In addition, adrenocorticotropic hormone (ACTH) secreted from the pars distalis also shares the precursor. In sum, glandular cells of the pars intermedia have end products different from those of corticotroph in the pars distalis although these cells process the same precursor to produce hormones. It is interesting to note that the cells producing similar secretory products are located in different parts of the pituitary, and further to observe how the glandular cells of the pars intermedia show the features of structure and function different from those of corticotroph of the pars distalis.
Histological studies of the pars intermedia have been carried out in the lower vertebrates, mainly in amphibians : in Rana (ENEMAR and FLACK, 1965; SALAND,1968) , Bufo (ITURRIZA,1964 ,1966 and Xenopus (COHEN,1967) . A few studies on reptiles and fish have also been reported. As far as mammals are concerned, light microscopical observation in some dead wild animals (e.g., jackal, mongoose, wild cat, African elephant, giraffe, etc.) was once reported (HANSTROM, 1952 ). Since then the major studies have been on the rat (KUROSUMI et al., 1962; KOBAYASHI, 1965 KOBAYASHI, , 1968 HOWE and MAXWELL, 1968; BAKER and DRUMMOND, 1972; MORIARTY and HALMI, 1972; NAKAGAWA et al., 1985) . In other animals, investigations were done on the embryonic mouse (EURENIUS and JARSKAR,1975) , ferret (VINCENT and ANAND KUMAR, 1969) , rabbit (YOUNG et al., 1965; CAMERON and FOSTER, 1971; CHATTERJEE, 1976) , monkey (ANAND KUMAR and VINCENT, 1974) , pig (HOWE and THODY, 1967) , sheep (PERRY et al., 1981) , ox (RAFTERY, 1969) and human fetus (MURAKAMI et al., 1968) . Particularly, immunohistochemical studies on domestic animals were carried out by DUBOIs (pig, sheep and ox, 1972) , MooN et al. (sheep, 1973) and PELLETIER et al. (pig, sheep and ox, 1977) . These reports support the theory that almost all of the glandular cells in the pars intermedia are of the same type; immunohistochemical identification of the glandular cells appears to be unnecessary in a routine electron microscopy. We therefore feel that the pars intermedia glandular cell is suitable for perceiving ultrastructural variations of endocrine activity during the normal life cycle of cells in many mammals.
Accordingly, since the structure and function of the pars intermedia in the mammalian hypophysis is yet obscure, we here report an ultrastructural study on the pars intermedia of sheep hypophysis at varying ages.
MATERIALS AND METHODS
Pituitaries were obtained from 11 male sheep (a crossbreed of Corriedale); four were about 1 month of age, three about 3 months of age, three about 10 months of age and one about 13 months of age.
Under pentobarbital anesthesia, bloodletting was started with a drain tube fitted to a carotid artery. Subsequently, a catheter for perfusion (suction catheter Fr. 10; Terumo) was inserted into the carotid artery towards the head. Ten minutes after the start of bloodletting, the animals were perfused via the catheter with phosphate buffered solution (pH 7.3-7.4) 11, followed by 1% glutaraldehyde 0.1 M phosphate buffered solution containing 0.1 M sucrose (pH 7.3-7.4) 11. It took 10-15min for the perfusion using a flow control tubing pump. The pituitary glands were then dissected out, and small pieces of the pars intermedia were cut and immersed in cold 4% glutaraldehyde phosphate buffered solution (pH 7.3-7.4) for 2 h. Subsequently, the small pieces were washed in the buffer solution and postfixed in phosphate buffered solution of 1% osmium tetroxide for 2 h. Following dehydration they were embedded in Luveak 812 (Nacalai Tesque, Inc.) and sectioned with a PorterBlum MT-1 ultramicrotome.
Pale gold sections were stained with uranyl acetate and lead citrate, and were examined in a Hitachi H-300 electron microscope (75 kV).
OBSERVATIONS
The parts of sheep pituitary are designated in Figure 1 .
Subdivision of glandular cells of the pars intermedia
The pars intermedia glandular cells are mostly ovoid or polygonal in outline. Generally, they contain a welldeveloped Golgi apparatus and many mitochondria. Secretory granules had various densities and sizes (100425 nm in diameter). Centrioles near the Golgi apparatus were occasionally seen and large lysosomes were frequently found (Fig. 2 ). Desmosomes were scattered. No image of exocytosis was observed. The above were common characteristics of the glandular cells. Furthermore, we estimated that it was possible to subdivide the glandular cells into three subtypes as follows:
a) "PI-I type cells" : This type of cell predominates, comprising over 80% of the glandular cells. The number of secretory granules ranges widely. The rough endoplasmic reticulum is developed in parallel arrays (Fig. 3) .
b) "PI-II type cells" : These have fewer secretory granules. The rough endoplasmic reticulum consists of scattered short strands (Fig. 4) . The proportion of this type of cell was estimated to be about 10% of the glandular cells. c) "PI-III type cells" : There is a high density of secretory granules. The rough endoplasmic reticulum lies in scattered strands (Fig. 5) . This type of cell comprised less than 5% of the glandular cells. 
Marginal zone of the pars intermedia
The marginal cells contain no secretory granules and only a few strands of rough endoplasmic reticulum. Mitochondria are rather abundant. Filaments arranged in fascicles are often observed near the nucleus. A well-developed Golgi apparatus could be seen occasionally, and dense bodies like lipid droplets were contained in some cells. Microvilli were seen on the free surfaces of the cells, but cilia were not observed. The marginal cells frequently extended their processes to other marginal cells or glandular cells. Furthermore, the marginal cells contacted the glandular cells directly without being separated by connective tissue elements or a basal lamina (Fig. 6) .
In the rostral zone-the transitional portion between the pars distalis and the pars intermedia-and Wulzen's cone, marginal cells had the same characteristics as above. However, the framework of the marginal zone in this part was similar to that of the pars distalis; the marginal zone of the pars distalis rather resembled the marginal layer of the pars intermedia in the rat because the boundary of the connective tissue underlay the marginal zone. However, it was noted that not only the agranular cells but also the granular cells in the marginal zone and the agranular marginal cells contacted their granular cells directly (Fig. 7) .
3. Other cells in the pars intermedia a) Interstitial cells : These cells, found between the glandular cells, projected slender processes. They were short of organelles; almost all of them were dark cells. It was uncertain whether there were many microfilaments or not (Fig. 4) . These cells contacted each other by slender processes, although they were not located in clusters.
b) Follicular cells : These cells lining the cysts had processes but few organelles. Light and dark follicular cells were observed. Many cysts were seen in the rostral zone and Wulzen's cone. A marginal cell contacts a glandular cell (G) directly without being separated by connective tissues or a basal lamina.
Arrows : desmosomes. About 10 months of age. X 14,000 c) Granular cells similar to some pars distalis cells : These granular cells were rich in the rostral zone and Wulzen's cone. Some of these cells had small and large secretory granules, others had only small ones or many large ones (Fig. 7) . This type of cell was distinguished from the PI-III type glandular cell on the basis of its lacking secretory granules of low electron density, although both cells had many dense granules.
d) Degenerating cells : The cytoplasm was filled with myelinated lysosomes, but was short of other organelles. The myelinated lysosomes had high density, varied in size, and were round or rod-like in shape. Degenerating cells were already found in the pars intermedia of 1-month-old sheep. These solitary cells were seen among the glandular cells and were few in number (Fig. 8) .
e) Mast cells : Mast cells were often found in the interlobular connective tissue. They contained large and high dense bodies. Sometimes centrioles could be seen near the Golgi apparatus (Fig. 9) . When semithin sections were stained with toluidin blue, meta- 
Histological and cytological variations according to age
In 1-month-old sheep the cells of the pars intermedia were still small and almost all were developing. Wide intercellular-spaces remained throughout the tissue. In sheep over 3 months of age, however, the cells of the pars intermedia were well developed and there were few wide intercellular spaces.
The formation of cysts in the rostral zone of the pars intermedia and a part of Wulzen's cone (when present) progressed with time.
In the pars intermedia glandular cells, the cells containing lysosomes were very few in the 1-monthold sheep, while such cells were frequently found in 3 and 10-month-old sheep. Otherwise, however, ultrastructural variations due to age were not noteworthy. Moreover, variation from age was not obvious in the distribution of the three subtypes of the glandular cells as the variation among locations was major.
For cells other than the glandular cells, histological variations at each age were also not apparent.
DISCUSSION

On the pars intermedia glandular cells
The pars intermedia glandular cells produce and secrete a-MSH, a corticotropin-like intermediate peptide, 8-endorphin, and y-MSH as chief end products. In addition, it has been definitively shown by gene technology that a common precursor, the so-called prepro-opiomelanocortin, undergoes post-translational processing (proteolyic cleavage), resulting in the formation of ACTH, R-lipotropic hormone and big y-MSH, and that the products undergo additional processing, resulting in the above end products (NAKANISHI et al., 1979) . Almost all of the pars intermedia glandular cells, therefore, show positive immunoreactivity for any antiserum of "ACTH/endorphin related peptides" -the ACTH/endorphin related peptides are the general term for these products (BAKER and DRUMMOND, 1972; DUBOIS, 1972; MOON et al., 1973; NAIK, 1973a, b; PELLETIER et al., 1977; RYAN et al., 1977; CELIO et al., 1980; HALMI et al., 1981) .
In our study the pars intermedia glandular cells of the sheep showed an ovoid or polygonal outline and contained a well-developed Golgi apparatus, many mitochondria and secretory granules which were of varying densities and sizes. Although the pars intermedia glandular cells also showed these common characteristics, authors continued to divide the pars intermedia glandular cells into three marked cell types PI-I type, PI-II type and PI-III type cells-on the basis of the number of secretory granules and the degree of development of rough endoplasmic reticulum.
In the rat and mouse the glandular cells of the pars intermedia are divided into light cells (Type-I cells) and dark cells (Type-II cells) according to the size and shape of the cells and the density of the cytoplasm (KUROSUMI et al., 1962; KOBAYASHI, 1965) . STOECKEL et al. (1971 STOECKEL et al. ( , 1973 and NAIK (1973a, b) further distinguished ACTH cells from the light and the dark cells in immunohistochemical studies. In the ferret and monkey, the glandular cells have not been subdivided ; the glandular cells were distinguished by only a type-I cell from the agranular cells (VINCENT and ANAND KUMAR, 1969; ANAND KUMAR and VIN-CENT, 1974) . In the rabbit, YOUNG et al. (1965) further described one type of cell as predominating in the pars intermedia although granular cells similar to a type of cell in the pars distalis were seen among the cells of the pars intermedia. Additionally, CAMERON and FOSTER (1971) classified two types of cells other than encroaching cells from the pars distalis-one granular and the other agranular-corresponding to the glandular cells and interstitial cells. However, CHATTERJEE (1976) subdivided the granular cells into glandular cells (dominant cells) and ACTH type cells (stellate cells of which small secretory granules arrange along the periphery of the cell) in his ultrastructural study. These corticotroph like cells, however, were sparse. In the pars intermedia of the sheep no special cells bearing the features of such ACTH type cell were distinguishable, although granular cells similar to some pars distalis cells were seen in the rostral zone and Wulzen's cone.
In these species the most common characteristics of the pars intermedia glandular cells are that their secretory granules always appear to be of various sizes and varied densities, including the electron lucent vesicles. Authors, therefore, distinguished the PI-III type cells from the granular cells like those of the pars distalis, although both cells had many secretory granules of high density; the former also contained some granules of low density, while the latter had few such granules. PERRY et al. (1981) noted that pars distalis-like glandular cells were usually more frequent near the pituitary cleft while the PI-III type cells were found throughout the pars intermedia. Authors believe these granular cells, like those of the pars distalis, derive from the rostral zone or Wulzen's cone of the pars intermedia.
In sheep the predominant PI-1 type cells contain rough endoplasmic reticulum developing in parallel arrays and a few or many secretory granules. On the other hand, in the rat the dominant glandular cells of the pars intermedia are the light cells (Type-I cells) which contain scattered short strands of rough endoplasmic reticulum and many secretory granules and electron lucent vesicles. The cells in which the rough endoplasmic reticulum develops in parallel arrays are rarely seen in the rat. In the ferret, rabbit and monkey, It contains large, dense bodies.
About 3 months of age.
x 6,000 almost all glandular cells are also similar to the light cells of the rat (YOUNG et al., 1965; VINCENT and ANAND KUMAR, 1969 ; CAMERON and FOSTER, 1971; ANAND KUMAR and VINCENT, 1974) . In the rabbit and monkey, however, it has been noted that cells containing parallel arrays of rough endoplasmic reticulum can occasionally be seen. CHATTERJEE (1976) Electron microscopy has shown that the pars intermedia glandular cells of the sheep do not generally contain many secretory granules of high density. This can be proved again by making an examination of preparations stained with PAS-lead hematoxylin stain. That is, the pars intermedia of the sheep is not stained as dark as that of the rat.
Significant variations were not found for each age or among individuals on the distribution of the three subtypes of the glandular cells in the sheep. It appeared that the location in the pars intermedia was a major factor (rather than the age or the individual) on the variation of cell distribution, because the distribution of the cells varied by location regardless of the differences in age or individual ; there were some regions where the PI-I type cells were dominant or others where a considerable number of the PI-II type cells were present. It was thought, therefore, that the variation in cell distribution among the locations reflected the different stages of secretory actions among the glandular cells in each location, and that the same stage of secretory action did not occur throughout the glandular cells at the same time.
2. On the marginal cells of the pars intermedia and the structure of the marginal zone In sheep the marginal cells of the pars intermedia contacted the glandular cells directly without the boundary of a basal lamina. The marginal zones of the rostral zone and Wulzen's cone were similar to that of the pars distalis and the framework somewhat resembled the marginal layer of the pars intermedia in the rat, because the boundary of the connective tissue at a few cells inside the margin ran along the wall of the cleft. Nevertheless, the marginal cells of Wulzen's cone contacted the granular cells intermingled in the marginal zone without being separated by a basal lamina. In sheep the marginal zone of the pars intermedia, therefore, was not of the same framework as that of the adult rat. It is estimated that the marginal structure of the pars intermedia in the rat is not of a general character and is a rather specific structure in view of histological observations in other animals.
On the marginal cells of the sheep, the ciliated cells that were very often seen in the rat (HowE and MAXWELL, 1968; CORRER and MOTTA, 1981) were not found in the marginal zone of the pars intermedia and pars distalis. PERRY et al. (1981) , however, found ciliated cells and cells distended with droplets, resembling goblet cells. They described how the ciliated cells occurred infrequently and in small, isolated groups. We also observed such cells in the pituitary of castrated sheep (unpublished data). It appears that the ciliated cells and cells resembling goblet cells are rare under normal conditions.
The common characteristics of the marginal cells on both sides of the pars intermedia and pars distalis were that the marginal cells contained no secretory granules but many filaments and mitochondria, and that they kept the granular cells from contacting the cleft lumen directly, covering the granular cells. It was reported that the marginal cells of the rat showed positive immuno-reactivity for antiserum of s-100 protein (SHIRASAWA et al., 1983) . It is also known that the S-100 protein is isolated from the bovine brain and is abundant in the filial cell fraction (MooRE, 1965) . Further studies on S-100 protein are expected to offer evidence on the function of marginal cells with many filaments in any species, including the rat.
On the degenerating cells
In our observation, cells filled with many myelinated lysosomes were found in the pars intermedia of the sheeps (Fig. 8) . Until now, there have been no reports that such cells are present in the pars intermedia. We thought that they were degenerating cells as a result of autolysis, although it was unknown which type of cell would degenerate. The characteristics of these cells are likely that they are few, not in clusters but separate, being found in young sheep without reference to age.
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